A b s t r a c t I In nt tr ro od du uc ct ti io on n: : Endometriosis is defined as overgrowth of endometrial tissue outside the uterine cavity. Endometriosis may be asymptomatic or associated with dysmenorrheal symptoms, dyspareunia, pelvic pain, abnormal uterine bleeding and infertility. The aim of this study was to explore the risk factors related to endometriosis among infertile Iranian women. M Ma at te er ri ia al l a an nd d m me et th ho od ds s: : In this case control study, infertile women referred for laparoscopy and infertility workup to two referral infertility clinics in Tehran, Iran were studied. According to the laparoscopy findings, women were divided into case (women who had pelvic endometriosis) and control (women with normal pelvis) groups. The case group was divided into two subgroups: stage I and II of endometriosis were considered as mild while stage III and IV were categorized as severe endometriosis. A questionnaire was completed for each patient. R Re es su ul lt ts s: : Logistic regression showed that age, duration of infertility, body mass index (BMI), duration of menstrual cycle, abortion history, dyspareunia, pelvic pain and family history of endometriosis are independent predictive factors for any type of endometriosis. In addition, it was shown that education, duration of infertility, BMI, amount and duration of menstrual bleeding, menstrual pattern, dyspareunia, pelvic pain and family history of endometriosis are independent predictive factors of severe endometriosis. The AUCs for these models were 0.781 (0.735-0.827) and 0.855 (0.810-0.901) for any type of endometriosis and severe endometriosis, respectively. C Co on nc cl lu us si io on ns s: : It seems that any type of endometriosis and severe ones could be predicted according to demographic, menstrual and reproductive characteristics of infertile women. K Ke ey y w wo or rd ds s: : endometriosis, infertility, risk factors, laparoscopy, severe endometriosis.
Introduction
Endometriosis is a common gynecological disorder in which endometrial tissue (glandular epithelium and stroma) is found outside the uterine cavity [1] . It has been estimated to affect 2.5-3.3% of women of childbearing age [2] . Clinical presentations of endometriosis varied from asymptomatic to signs and symptoms including dysmenorrhea, dyspareunia, pelvic pain, abnormal menstrual bleeding (menorrhagia and/or metrorrhagia), subfertility and infertility [3, 4] .
Although the pathogenesis of endometriosis is still unknown, the most common etiology is believed to involve retrograde menstruation. Almost all women have some menstrual effluent that passes through the fallopian tubes during menstruation, but only a minority develops endometriosis due to the fact that those cells can be cleared by peritoneal macrophages [5] .
One of the most important complications of endometriosis is reduced fertility and infertility. Although endometriosis affects approximately 5% of the general population, its prevalence may be as high as 30% in infertile women [6] .
One of the challenging subjects in endometriosis is lack of non-invasive tests by which accurate diagnosis can be made [5] . Endometriosis is always finally diagnosed by visualizing the lesions, cysts, implants, and nodules by laparoscopy. Nevertheless, there are accompanying symptoms that may be indicative such as pelvic pain, adnexal masses, and dyspareunia [7] or some biochemical markers which are useful in detecting and monitoring endometriosis such as cancer antigen-125 (CA-125) [8] .
In order to facilitate diagnosis of endometriosis by non-invasive methods, it is very important to know the risk factors which make women susceptible to endometriosis. By knowing the risk factors, women who may be at a high risk of developing endometriosis may be rapidly diagnosed so that serious complications of endometriosis such as infertility can be prevented by diagnosis and treatment of women suffering from endometriosis in earlier stages (I and II).
Several studies have surveyed these risk factors. Missmer et al. showed that age, race, body mass index (BMI), alcohol usage, and cigarette smoking were associated with the incidence of endometriosis in the USA. They also indicated that some of these associations may differ by infertility status at the time of laparoscopic diagnosis [9] . Calhaz-Jorge et al. found that prevalence of endometriosis in subfertile women was related to race, BMI, irregular menstrual cycles, intensity of menstrual flow, dysmenorrhea, chronic pelvic pain, obstetrics history, oral contraceptive pills (OCPs) use, and smoking habits [10] . According to these controversies about risk factors associated with endometriosis and the effect of race and infertility in this regard, we planned this study to survey the relation between endometriosis and these suggested risk factors and establish a practical model in infertile Iranian women referred to Royan Institute and the infertility clinic of Arash Women's Hospital, two of the major referral centers of infertility in Tehran, Iran. As it was shown, the spatial incidence of endometriosis in some regions may be different due to environmental risk and presence of chemical pollutants [11] ; therefore we selected studied women from these referral infertility centers in Tehran, the capital of Iran.
Material and methods
This case control study was performed on infertile women referred for laparoscopy and infertility workup. This study was carried out at Royan Institute and Arash Women's Hospital, two referral infertility clinics in Tehran, Iran, between April 2009 and March 2010. This study was approved by the Ethical Committee of Royan Institute. All patients signed an informed consent form. The total number of infertile women who underwent diagnostic laparoscopy during the period of the study was 520. Women who had abnormalities other than endometriosis at lapa roscopy were excluded from the study (117 women). Four hundred and three women were included in the study and were divided, according to laparoscopy findings, into two groups: a case group, consisting of women with pelvic endometriosis, and a control group including women with a normal pelvis.
Endometriotic lesions were classified according to the American Society for Reproductive Medicine (ASRM) [12] . Histological confirmation was made by pathologists. The case group (endometriotic patients) was divided into two subgroups: stage I and II of endometriosis were considered as mild endometriosis while stage III and IV were categorized as severe endometriosis. A questionnaire was completed after interview with patients and according to their medical records. The questionnaire consists of demographic data (age, education, weight, height, occupation, smoking history, exercise), menstrual and reproductive characteristics (age at menarche, menstrual pattern, duration of menstruation, dysmenorrhea, amount of menstrual bleeding, length of menstrual cycle, spotting and duration of spotting, age at first intercourse, dyspareunia, history of sexually transmitted disease [STD] and contraceptive use, age at first pregnancy and first delivery, history of live birth, ectopic pregnancy and abortion, and type and duration of infertility), abdominal mass, family history of endometriosis, pelvic pain and findings of laparoscopy.
S St ta at ti is st ti ic ca al l a an na al ly ys si is s
Sample size was calculated according to studied variables and based on the "rule of thumb" method. We considered at least 10 samples per variable; therefore sample size was estimated as 400 infertile women [13, 14] . For prevention of bias, all questionnaires were completed by the same midwife. For comparing continuous data between three groups (control, mild endometriosis and severe ones), analysis of variance (ANOVA) was applied. Tukey HSD post-hoc test was used for pairwise comparison between the groups, and also χ 2 test was used for qualitative data. Univariate logistic regression was performed in order to estimate the crude odds ratio (OR) and 95% confidence interval (95% CI).
In order to evaluate whether clinical data could predict the presence of endometriosis at la paroscopy, we used multiple logistic regression analysis. We repeated multiple logistic regression twice. First we used logistic regression to predict any type of endometriosis and then we assessed the prediction capacity of the logistic regression in order to predict patients with severe endometriosis.
We used backward logistic regression in which a p-value of 0.1 was used as the entry criterion whereas a p-value of 0.05 was considered as the threshold for a variable in order to stay in the model.
The performance of the model was assessed with the area under the receiver operating characteristic (ROC) curve (AUC). An AUC of 0.5 indicates no discriminative performance, whereas an AUC of 1.0 indicates perfect discrimination. Calibration of the model was assessed by comparing the predicted probability in each category of patients with the observed percentage of endometriosis in that category. We categorized the predicted probability in 5 categories (0-20%, 20-40%, 40-60%, 60-80%, 80-100%) and in each category we compared the mean predicted probability with the observed probability in that category.
Value of p less than 0.05 was considered as significant. Results are presented as mean ± standard deviation (SD) or percentage.
Results
In this study, 403 infertile women who had inclusion criteria were studied. Among them, 250 subjects (62%) had endometriosis (case group) and 153 women (38%) were considered as the control group (normal pelvis). Among women with endometriosis, 52 (20.8%) were at stage I, 70 (28%) at stage II, 82 (32.8%) at stage III, and 46 (18.4%) at stage IV. Finally, according to presence and severity of endometriosis, subjects were allocated to three groups as the control group (normal pelvis) (38%), mild group (stage I or II) (30.3%), and severe endometriosis group (stage III or IV) (31.7%). There were significant differences in regard to duration of infertility, BMI, duration of menstrual bleeding, duration of menstrual cycle, duration of spotting, and age at first intercourse between these three groups by using ANOVA analysis. Chi-square analysis revealed that education status, occupational status, menstrual pattern, severity of dysmenorrheal, amount of menstrual bleeding, spotting, dyspareunia, contraceptive use, pelvic pain, abdominal mass, and family history of endometriosis were significantly different between the three groups (p < 0.05). There were no significant differences between the three groups in regard to age, type of infertility, smoking, age at menarche, dysmenorrhea, exercise, age at first pregnancy and first delivery, history of live birth, history of ectopic pregnancy, previous history of abortion, type of abortion, and history of curettage (Tables I and II) . Among studied women, only 2 women had a history of STD.
Logistic regression analysis revealed that age, duration of infertility, BMI, duration of menstrual cycle, abortion history, dyspareunia, pelvic pain, and family history of endometriosis are independent predictive factors for any type of endometriosis while age, education, duration of infertility, BMI, amount of menstrual bleeding, duration of menstrual bleeding, menstrual pattern, dyspareunia, pelvic pain, and family history of endometriosis are independent predictive factors of severe endometriosis (Table III) .
The model revealed an AUC of 0.781 with 95% CI (0.735-0.827) for predicting any type of endometriosis ( Figure 1 ) and an AUC of 0.855 with 95% CI (0.810-0.901) for the prediction of severe endometriosis (Fig ure 2) , both of them showing an acceptable performance. Figure 3 shows the calibration plots for any type of endometriosis and severe ones. Since the predicted probabilities and the observed rates were similar in each category, the calibration of the models is good.
Discussion
Several epidemiological studies have addressed biologic, reproductive and socioeconomic factors associated with endometriosis. To explore the importance of these factors in the Iranian infertile population, the present study was conducted.
Overall, the present study revealed that among studied factors, age, duration of infertility, BMI, dyspareunia, pelvic pain, and family history of endometriosis could be considered as predictive factors not only for any type of endometriosis but also for severe ones. In addition, it was shown that the duration of menstrual cycle and history of abortion were affecting factors in the prediction model for any type of endometriosis while the amount and duration of menstrual bleeding, menstrual pattern and education were suggested as predictive factors for severe endometriosis.
The AUC of these prediction models was 0.781 and 0.855 for predicting any type of endometriosis and severe ones, respectively.
BMI showed an inverse correlation with endometriosis as infertile obese women were at lower risk for endometriosis (p < 0.001). This finding agreed with studies by Missmer et al. [9] , CalhazJorge et al. [10] , an Italian group [15] , Hediger et al. [16] , and Bérubé et al. [17] . In addition, in the present study lower BMI was significantly associated with severity of endometriosis, which was similar to the Yi et al. [18] study. In contrast, Hemmings et al. [19] did not find any significant correlation between BMI and endometriosis. One potential explanation for this inverse relation may be the fact that an anovulatory and irregular menstrual cycle secondary to high estrogen level in obese women can lead to a reduction in retrograde bleeding.
In the present study, the duration of menstrual cycle was inversely associated with the risk of endometriosis while irregular menstrual cycle, duration, and amount of menstrual bleeding were only associated with severe endometriosis. Irregular menstrual cycle was inversely correlated while duration of bleeding was directly associated with severe endometriosis. These findings can be explained by the retrograde bleeding hypothesis as lower menstrual cycle's length and heavier bleeding could potentially increase the risk of retrograde bleeding.
Matalliotakis et al. showed that shorter cycle length and heavier menstrual cycles were associated with increasing risk of endometriosis [5] . Also other groups of researchers such as Arumugam and Lim [20] , Cramer and Missmer [21] and Bérubé et al. [17] revealed that women with a menstrual cycle shorter than 27-28 days had higher risk of developing endometriosis. On the other hand, Calhaz-Jorge et al. [10] , Hemmings et al. [19] and Parazzini et al. [22] did not find any significant correlation between e en nd do om me et tr ri io os si is s e en nd do om me et tr ri io os si is s ( (9 95 5% % C CI I) ) ( (9 95 5% % C CI I) ) ( (n n = = 1 12 22 2) ) ( (n n = = e en nd do om me et tr ri io os si is s e en nd do om me et tr ri io os si is s ( (9 95 5% % C CI I) ) ( (9 95 5% % C CI I) ) ( (n n = = 1 12 22 2) ) ( (n n = = 1 12 28 8) ) A An ny y s st ta ag ge e S St ta ag ge e I II II I/ /I IV V shorter menstrual cycle and endometriosis. In addition, Mamduoh et al. [24] found that women with irregular cycles were three times more likely to develop endometriosis than women with regular cycles, which is inconsistent with our finding. In regard to amount of bleeding, the logistic regression revealed that amount of bleeding did not have a significant association with any type of endometriosis, which was inconsistent with Calhaz-Jorge et al. [10] , who reported that women with moderate to severe bleeding flow showed an increase in the risk of endometriosis as compared with women with a mild flow. One of the interesting findings in the present study was the type of relation between amount of bleeding and severe endometriosis. The model reveals that a moderate amount of bleeding (not a low amount) had the lowest risk of developing severe endometriosis, although as expected a high amount of bleeding had higher risk than moderate bleeding. One explanation of this finding may be that the amount of bleeding was categorized according to each woman's opinion in this regard and no objective measurement for menstrual blood flow was used.
In this study, age of infertile women had a direct association with any type of endometriosis and severe ones. It could be explained by the finding of Vessey et al. that endometriosis rates increased sharply from the age group 25-29 years to 40-44 and then began to fall [25] . In addition, Eskenazi and Warner found that age is the only sociodemographic characteristic which is positively correlated with endometriosis [26] .
Education was the only socioeconomic factor that was found to be correlated with severe endometriosis in the present study, although this association was not found in any type of endometriosis. In agreement, an Italian group [15] and Berube et al. [17] found no relation between education and presence of endometriosis. One potential explanation for this finding may be that women with a higher educational level usually have higher socioeconomic status and higher knowledge so they pay more attention to their health and refer more and earlier than uneducated women for medical evaluation, so their disease would be diagnosed sooner and more frequently.
In the present study, family history of endometriosis was another independent factor which was directly associated with any type of endometriosis and severe one. These findings were consistent with Mamdouh et al. [24] , Matalliotakis et al. [27] and Kashima et al. [28] . Cramer and Missmer, in their review article, stated that there is good evidence showing that family history increases the risk of developing endometriosis [21] . In the present study, positive family history increased the risk of developing endometriosis by 9.7 times while V Va ar ri ia ab bl le e L Le ev ve el ls s C Co on nt tr ro ol l g gr ro ou up p S St ta ag ge e I I/ /I II I S St ta ag ge e I II II I/ /I IV V V Va al lu ue e o of f p p C Cr ru ud de e O OR R* * C Cr ru ud de e O OR R* ** * ( (n n = = 1 15 53 3) ) e en nd do om me et tr ri io os si is s e en nd do om me et tr ri io os si is s ( (9 95 5% % C CI I) ) ( (9 95 5% % C CI I) ) ( (n n = = 1 12 22 2) ) ( (n n = = 1 12 28 8 Agresti (2007) method [23] T Ta ab bl le e I II I. . Cont. [24] . The present study revealed that 48.4% of women suffering from endometriosis had dyspareunia, as was previously reported (40%) by Salehpour et al. [29] in Iran. Also logistic regression analysis revealed that dyspareunia was another risk factor that had an association with any type of endometriosis and severe ones. Matalliotakis et al. [27] found that pelvic pain, dysmenorrhea, and dyspareunia were statistically significantly higher in women with endometriosis in comparison with infertile women without endometriosis. CalhazJorge et al. [10] observed this association at a nonsignificant level.
Endometriosis is linked with chronic pelvic pain and infertility. The relationship between chronic pelvic pain symptoms and endometriosis is unclear because painful symptoms are frequent in women without this pathology, and because asymptomatic forms of endometriosis exist [30] . The mechanisms suggested for pain include local inflammation, adhesions, and prostaglandin production by endo metriosis [31] . In the present study, 14.8% of women with endometriosis had pelvic pain, which was similar to the frequency (13.3%) reported by Salehpour et al. [29] , while Matalliotakis et al. [5] reported its frequency as high as 79.1%. In addition, we found a direct relationship between pelvic pain and presence of endometriosis, which was consistent with Calhaz-Jorge et al. [10] , who observed this significant association.
The present study showed that duration of infertility was inversely associated with any type of endometriosis and severe ones. This finding seems reasonable as endometriosis is a symptomatic disease with significant symptoms such as pain that forces women to refer for medical care so they will be recognized sooner.
In this study, we applied an ROC curve to assess the predictive ability of the logistic regression models. The AUCs of these prediction models were comparable with findings of the Calhaz-Jorge et al. models [10] . The AUC obtained from our models for predicting any type of endometriosis (0.781) and severe ones (0.855) showed better performance than the AUC of their models (0.71 and 0.74, respectively). The better performance of our models in infertile women may be due to the difference in the number of investigated factors and race of women.
In conclusion, according to the obtained AUCs and calibration plots in the present study, it seems that we can predict any type of endometriosis and especially severe ones by using the presented logistic regression models. 
